In supersymmetric theory, the sfermion-fermion-gaugino interactions conserve the chirality of (s)fermions. The effect appears as the charge asymmetry in m(jl) distributions at the CERN Large Hadron Collider where jets and leptons arise from the cascade decayq → qχ 0 2 → qll. Furthermore, the decay branching ratios and the charge asymmetries in m(jl) distributions are flavor nonuniversal due to thel L andl R mixing. When tan β is large, the non-universality between e and µ becomes O(10)% level. We perform a Monte Carlo simulation for some minimal supergravity benchmark points to demonstrate the detectability.
I. INTRODUCTION
Supersymmetry (SUSY) is one of the promising candidates of the physics beyond the standard model. No signature of SUSY has been found yet. However, the discovery of the SUSY particles is guaranteed for mq, mg < ∼ 2.5 TeV at the CERN Large Hadron Collider (LHC) for the minimal supergravity (mSUGRA) model. Date taking is expected to start from 2007. Masses of the sparticles will also be measured at the LHC [1] with reasonable accuracy, which is important to distinguish various SUSY breaking models.
The Lagrangian of supersymmetric theory is highly constrained. For example the sfermion-fermion-gaugino interaction is restricted to be of the formf L(R) -f L(R) -G becausẽ f and f belong to the same chiral multiplet in supersymmetry. On the other hand,f L andf R mixing terms are controlled by the F term of the superpotential of the form
Therefore the mixing term is proportional to the Yukawa coupling y f and µ parameter. Studying such mixing terms determined by the supersymmetry would be an interesting target for collider physics after the discovery of the supersymmetry.
In this paper we study the effect of the neutralino polarization in the decay chaiñ
here l 1 (l 2 ) denotes the lepton fromχ 0 2 (l) decay. Due to the chirality structure of the squarkquark-neutralino coupling, theχ is considered in Refs. [2, 3] , where the slepton is assumed to be purely right-handed. We study this process taking account of the left-right mixing of the sleptons, which depends on the lepton flavor. We point out that the left-right mixing significantly affects the charge asymmetry as well as the decay width ofχ
∓ for l = µ and τ .
This paper is organized as follows. In the next section, we first summarize the relevant formulae and discuss the effect of the left-right mixing qualitatively, then we evaluate the lepton flavor dependence of the charge asymmetry and the decay widths for explicit examples. In Sec. III, we carry out the Monte Carlo (MC) study and discuss the feasibility to study the chiral effect at the LHC. Sec. IV is devoted for discussions.
II. SQUARK CASCADE DECAY AND LEPTON CHARGE ASYMMETRY

A. Formalism
We parameterize the sfermion-fermion-neutralino interaction Lagrangian as
where i = 1, 2, 3, 4 and α = 1, 2 are the suffices for the mass eigenstates of the neutralinos and the sfermions, respectively. g 2 is the SU(2) gauge coupling constant. For the charged lepton sector, the coupling constants L l iα and R l iα are given as
where U N is the unitary matrix which diagonalize the neutralino mass matrix. The left-right mixing angle of the sleptons θ l is defined as follows. The slepton mass term is written as
where Br denotes the branching ratio Br(χ
θl is the angle between the momenta of the quark and the lepton l 1 in theχ 0 2 rest frame, θχ0 1 is the angle between the two lepton momenta in the slepton rest frame, and φχ0 1 is the angle between the decay planes ofq → ql
1 . Since squark and slepton decays are spherically symmetric in the rest frames of the decaying particles, the angular distribution is flat over cos θχ0 
The polarization effect ofχ 0 2 can be seen clearly in the charge asymmetry in the m(ql
is the coefficient of θl, and it affects the decay distributions for
+ with opposite signs. However, the leptons l 1 of the neutralino decay are indistinguishable from l 2 of the slepton decay. We therefore study the charge asymmetry between the m(ql ± ) distributions taking both l 1 and l 2 into account. The m(ql + ) distribution is the sum of the m(ql . As for the slepton mass matrix, the right-handed slepton mass parameter becomes smaller than the left-handed one due to the running effect. Therefore the lighter slepton,l 1 , isl R -like and the heavier one,l 2 , isl L -like in the most of the parameter space.
We can safely neglect the left-right mixing of the squarks because the process we consider is the decay of the first generation squark. The first decay processq → qχ 
where m 0 and M 1/2 are the universal scalar mass and the gaugino mass at the GUT scale, respectively, and A l is the trilinear scalar coupling constant at the low energy scale. The numerical factor 0.37 in the denominator is determined by the gauge coupling constants. In the (s)electron case, the left-right mixing of the selectrons is negligible, i. e., cos θ l ≈ 0 for l = e in Eqs. (3)- (6), and the charge asymmetry is maximal (A(e) ≈ −1). the Monte Carlo simulations in the next section, we take benchmark points SPS1a and SPS3
given in Ref. [4] , where the mass spectrum is calculated by ISAJET [6] . The model points we study are as follows;
This is the mSUGRA point where m 0 = 100 GeV, M 1/2 = 250 GeV, the trilinear coupling at the GUT scale A 0 = −100 GeV, tan β = 10 and µ > 0. The decaỹ The kinematics of the decay distribution is important for our study. We therefore list the calculated end points for the decay (1) in Table I .
Since the masses and the Yukawa couplings of the first and second generations are neglected in ISAJET, its output cannot be used directly for the discussion of e-µ difference.
We take account of the left-right mixings of selectrons and smuons in the following way.
The output from ISAJET contains a set of the low energy MSSM parameters mq L , md R , mũ R , ml L and mẽ R for the first generation sfermions, and mq 3L , mb Table II. ¿From these values, we obtain Γ(e) : Γ(µ) : Γ(τ ) ≈ 1 : 1.04 : 13.7,
for the SPS1a. Here Γ(l) denotes the decay width Γ(χ We see that the effect of the smuon left-right mixing is rather small in the above model points, where tan β = 10. However, L l 21 is enhanced for larger tan β since the source of the slepton left-right mixing is the Yukawa coupling, while R l 21 , whose main component is the U(1) gauge coupling, is less sensitive to tan β. Therefore, we expect a larger e-µ difference in Γ(l) and A(l) for larger tan β. In order to see the tan β dependence, we consider variants of SPS1a, where the mSUGRA parameters have the same values as those in SPS1a, but tan β is taken to be different. The relative magnitudes of the decay widths and A(l), as well as the magnitudes of relevant coupling constants for tan β = 10, 15 and 20 are listed in Table III . We see |L µ 21 | is proportional to tan β in this region and the e-µ differences in Γ(l) and A(l) are quite significant for tan β = 20. Besides the slepton-lepton-neutralino coupling constants, the mass spectrum is also affected by changing the value of tan β. However, since the shifts are tiny for mẽ 1 , mμ 1 and mχ0
2
, the tan β dependence of the e-µ difference in the decay width and the charge asymmetry comes dominantly from the tan β dependence of theμ left-right mixing angle. On the other hand, the mass eigenvalue ofτ 1 changes substantially: 133 GeV for tan β = 10 to 108
GeV for tan β = 20, namely. Consequently, the e-τ differences and the tan β dependence in Table III are the cumulative effect of both the mixing angle and the mass eigenvalue.
III. SIMULATIONS A. Charge asymmetry
In this section, we show some simulation results at SPS1a and SPS3 and discuss the LHC potential to study the chiral nature of sfermions at the LHC in the decay (1).
We generated 3 × 10 6 events for SPS1a(tan β = 10) and SPS3. This corresponds to Ldt = 58 fb −1 for SPS1a and 600 fb −1 for SPS3 respectively. The mass spectrum and branching ratios are generated by ISAJET [6] and interfaced to HERWIG [7] , which means the effect of the non-universal branching ratios ofχ 0 2 →ẽe andμµ discussed in the previous section is not taken into account in our event generations. The events are studied using the
Two and only two opposite sign isolated leptons fast detector simulator ATLFAST [8] . Cuts for the SUSY event selection are listed in Table   IV .
The dominant production processes are pp →gg andgq at the LHC. The production cross section for the first generation squarks are larger than that of anti-squarks, because the LHC is a pp collider. On the other hand, a gluino decay is charge symmetric, therefore the squarks and anti-squarks from gluino decays dilute the total charge asymmetry of SUSY signal. For this simulation, we especially veto the events containing b jets with P T > 50 GeV as they dominantly come from the decaysg →bb andtt. For the points studied in this paper, more than 40% of the gluino decay involves b jets. After applying the cuts in Table IV, the number of events which involvesũ L ord L direct production are 50(58)% of the total events for SPS1a(SPS3) respectively.
We have not performed a detailed simulation of the Standard Model background for this study. The applied cuts are however very similar to the cuts applied in [11] , where the SM background is shown to be negligible with respect to the SUSY background. For the SPS3 Point, for which the signal statistics is lower and we perform the study for an integrated luminosity of 600 pb −1 , the SM background could be approximately at the level of the SUSY background. The subtraction procedure used for the SUSY background does work for the SM background which is dominated bytt production. Therefore we expect no significant modification of the result for SPS1a, and only a moderate reduction of the significance for SPS3, due to increased statistical fluctuation.
In Fig. 1 and 2 , we show some of the jl + l − distribution at SPS 1a(tan β = 10) and SPS3. In Fig. 1 we show m(ll) distributions, where we subtract the distributions of the events with odd sign odd flavor leptons (OSOF, e + µ − and µ + e − ) from the events with odd sign same flavor leptons (OSSF, e + e − and µ + µ − ). The subtraction is known as a way to remove the backgrounds where two leptons are originating from W or τ decays.
Different detection efficiencies of electrons and muons may affect the subtraction, generating
a systematic uncertainty in the result. The evaluation of these uncertainties is a complex experimental task, outside the scope of this study. We will therefore in the following only quote statistical errors. We can however note that the experiments will be able to exploit a very large sample of W → lν and Z → l + l − decays to understand in detail the acceptance and efficiency for electrons and muons.
The m(ll) distribution for the decay Eq. (1) has an edge structure at m(ll, max), which are reconstructed for both of the model points. Especially two edges are seen for SPS3, and the lighter one is consistent with the lepton pairs from the decayχ 0 2 →l L , m(ll, max) = 66.8 GeV.
We study the distribution of the two leptons and one of the two highest p T jets, as one of the two jets likely comes fromq decays if the mass difference betweenq andχ 0 2 is large enough. We denote the two jets as j S and j L where m(j S ll) < m(j L ll). The clear endpoints are seen by taking m(j S ll) distributions as can be seen in Fig 2. The m(j S l) distributions are shown in Fig. 3 a) and b) . When the decay Eq. (1) is open, the m(ql 1 ) distribution has an edge. The edge is very close to m(jl, max) for SPS1a, while it is much lower than m(jl, max) for SPS3, see Table I . This is because (mχ0 for SPS3, therefore the lepton fromχ 0 2 decay is less energetic. For SPS1a (SPS3) the edge structure is clearly seen in j S l + (j S l − ) distribution. This is because the dominant mode is l R (l L ) for SPS1a (SPS3), therefore l + (l − ) tend to go to the opposite direction to q in the rest frame ofq, respectively. Fig. 4 a) shows the difference of the number of events after the background subtractions N(jl ± ) as the function of m(jl ± ). The deviation from the zero are clearly seen. We also show b) the reconstructed charge asymmetry [N sig (jl
as a function of m(jl) and c) the calculated charge asymmetry for m(ql). The distribution of the measured asymmetry is diluted due to theq * productions and the decay and there are also the contamination of the events where a wrong jet is selected as j S . However b) and c)
are qualitatively similar. The distribution shows positive asymmetry near m(jl) endpoint
for SPS1a, while it shows negative asymmetry for the smaller endpoint of m(jl) distributions for SPS3.
For these charge asymmetry plots, we add the difference for m(j S l) and for m(j L l) distributions, therefore each event is used twice for our analysis. This is not a problem because events which contribute to the asymmetry in m(j S l) distribution and in m(j L l) distribution must be statistically independent. Note a j S is more likely to be a wrong jet when m(j S ll)
is much smaller than the end point. A significant fraction of j L 's also originates fromq decay. This can be seen in the m(j L ll) distribution at SPS1a, which shows a bump structure ∼ m(qll, max) = 425 GeV as in Fig. 5 . In this paper, we require m(jll) < 450 (700) and and require m(ll) < 80 (70) GeV for SPS1a(SPS3) except Fig. 1, Fig. 2, and Fig. 5 .
The statistical error of the asymmetry must be estimated based on the number of the odd sign leptons N OS rather than the number of events after eµ event subtraction N sig . We can check the statistical significance of the charge asymmetry by calculating ∆χ 2 /n.d.f. from a constant distribution as
which is listed in Table V . 
1 for e + e − , µ + µ − and τ + τ − . The differences for j = j S and j = j L are added. For j = j L we require m(j L ll) < m(qll, max). We define the statistical significance of the the charge asymmetry S as
where one of m cut is taken to the value of m(jl) where the charge asymmetry changes its sign. We do not take into account the event outside the region m We list the statistical significance S for SPS1a(tan β = 10) and SPS3 for the sum of ee and µµ events in Table V . The significance is based on the number of events for Ldt ∼ 60 fb 
B. The non-universal effects
In this subsection, we investigate the statistical significance of the non-universal effect between e and µ for large tan β. The deviation may be detectable with enough statistics because the systematics associated with the uncertainty ofq production and decay distributions are expected to cancel when one takes the µ/e ratio of the distributions. On the other side, the measurement will be extremely sensitive to systematic uncertainties on the relative efficiency and acceptance for electrons and muons.
The region of the parameters where we can expect large deviation is rather limited if we assume universal mass spectrum. This is becauseτ 1 is lighter than the other sleptons and it is more L-R mixed.χ The Br(χ 0 2 → eẽ) and accepted number of events for SPS1a tan β = 10, 20. N sig is the number of l + l − events after e ± µ ∓ subtraction, while N OS is the total odd sign two lepton events.
The expected deviation of Br(χ 0 2 →μµ) from that forẽe is compared with the statistical error of the number of the e + e − events for dtL = 300 fb −1 .
Whenμ left-right mixing is taken into account, Br(µ)/Br(e) = 1.17 and A(µ)/A(e) = 0.70 for tan β = 20 (Table III) Assuming no background, the deviation of branching ratios around 5% may be detectable.
Finally we discuss the decay distribution ofχ . Ideally the signal distribution would show charge asymmetry near the end point as can be seen in Fig. 4 c) .
However, as a τ lepton decays into a meson and ν τ or lν l ν τ , one cannot measure the τ lepton momentum directly. When τ decays into leptons, the arising charged lepton is soft, and they typically have less than 1/3 of the τ lepton energy. Such large smearing of the energy is not suitable for the charge asymmetry study. On the other hand, τ decay into a meson is a two body decay, and the meson might be detected as a low multiplicity isolated high p T jet. A QCD jet might also be mis-identified as a τ jet, and the probability is the function of τ tagging efficiency ǫ τ and τ jet p T . QCD events become large background, however they can be removed by subtracting the sum of the distribution of m(j τ − j τ − ) and m(j τ + j τ + ) from that of m(j τ + j τ − ).
The identification of the hadronic τ decays has a strong dependence on the details of the detector performance. In the detector simulator ATLFAST, the detection efficiency of the τ jet and the rate of fake τ jet is estimated by using parameterizations of the full simulation data, which are described in Ref. [10] . However, the misidentification probability of the charge of the τ jet and the charge distribution of fake τ jets have not been fully accounted for in the parameterized simulation. We therefore do not study the charge asymmetry in τ jets in this paper.
IV. DISCUSSION
In this paper, we study if SUSY study at the LHC can provide an information on the chiral nature of the sfermions. We especially study the charge asymmetry of m(jl + ) and m(jl − ) distribution which comes from the the decay cascadeq →χ . For large tan β, cos θ µ becomes comparable to (U N ) 21 in mSUGRA points, leading to the non-universalities in Γ(l) and A(l). We have shown that the LHC can detect e-µ non-universality at SPS1a(tan β = 10-20) for dtL = 300 fb −1 if detection efficiencies of e and µ are understood at the LHC.
The discovery of supersymmetry and determination of the low energy Lagrangian are the goal of SUSY study at future colliders. So far, many physics studies have focused on the determination of SUSY parameters at benchmark points. On the other hand, the charge asymmetry in the jl distribution provides an information on the chiral structure of the MSSM, which is constrained by nature of supersymmetry. Especiallyμ andẽ nonuniversality is a direct evidence ofμ L -μ R mixing due to the F term.
